INTRODUCTION {#sec1-1}
============

Depression is a common disorder recognized by the World Health Organization as one of the major causes of psychiatric disability worldwide causing to a poor quality of life.\[[@ref1]\] It also has been predicted that depression will become the second disorder affecting individuals by the year 2020.\[[@ref2]\] Emerging data have been exhibited that up to 32% of patients who visited primary health-care centers of European countries showed signs and symptoms of depression and other related disorders such as anxiety and stress-related disorders.\[[@ref3][@ref4]\] Despite a few years of unremitting studies, the etiology of depression has not been well elucidated. However, to date, large bodies of studies have suggested that the etiopathogenesis of depression appears to be influenced by a wide variety of factors, such as neural and structural plasticity, neurotransmitter systems, and epigenetic and genetic susceptibility.\[[@ref5][@ref6][@ref7][@ref8][@ref9]\] Serotonin or 5-hydroxytryptamine (5-HT), a monoamine neurotransmitter, is produced from tryptophan in the neurons of raphe nuclei (RN) that modulates a variety of cognitive, emotional, and physiological functions.\[[@ref10]\] It is well documented that serotonin is an important contributor to feelings of happiness.\[[@ref11]\] The link between the serotonergic system of brain and depression is generally well accepted. It also has been indicated that serotonin synthesis, secretion, reuptake, and deactivation were observed to be deregulated in depression.\[[@ref12]\] Moreover, most of the antidepressant strategies target the function of 5-HT system-related proteins, leading to increased 5-HT levels in the brain.\[[@ref13]\]

In a recent decade of research, the emergence of small noncoding RNAs as a posttranscriptional regulator of gene expression has gained lots of attention in almost all of the disease pathophysiologies.\[[@ref14]\] MicroRNAs (miRNAs) are emerging class of highly conserved, noncoding RNAs altering gene expression by ribosomal RNA modifications, alternative splicing as well as inducing messenger-RNA degradation.\[[@ref15]\] It has been shown that miRNAs are expressed highly in the central nervous system to make an extremely powerful mechanism to dynamically regulate the protein content of neuronal compartments.\[[@ref16]\] Thus, miRNAs appear to play the vital role in brain functions such as neurogenesis, neuronal metabolism, proliferation, and apoptosis.\[[@ref17]\] Furthermore, miRNAs are present in the peripheral blood in a partially stable form. Therefore, they seem to be the potential blood-based biomarkers.\[[@ref18]\] Over a decade of studies, circulating miRNAs, as the potential diagnostic biomarkers, have been well demonstrated in a wide variety of psychiatric diseases.\[[@ref19]\] For instance, recently, it has been observed that circulating miRNAs have altered expression in the blood of patients with major depressive disorder; however, their diagnostic value remains undefined.\[[@ref20][@ref21]\]

To date, there is no generally accepted experimental biomarker for depression. This is because of the brain tissue that is not simply accessible. It has been shown that serum or plasma miRNAs also are constantly stable and tissue specific. Recently, it has been observed that serum and brain may share a common miRNA expression pattern. In this regard, several lines of examination used easy and noninvasive samples such as circulating blood samples, mainly including serum and plasma to develop the diagnostic approach. The reported miRNAs biomarkers for depression and other behavioral disorder have several drawbacks. First, miRNAs are often impaired during the majority of diseases such cancer, inflammation, infection, and other human disorders and thus not specific for depression. Second, most reported miRNA diagnostic biomarkers for depression could aid in diagnosis, but their predictive and diagnostic values remain to be determined.

Due to the role of serotonin system roles in depression, recent studies have shown that miR-16 strongly regulates serotonin transporter (SERT) gene expression, which is associated with depression.\[[@ref22][@ref23]\] Similarly, it has been shown that there is a strong relationship between miR-135a and both the 5-HT transporter and 5-HT1A receptor transcripts.\[[@ref24]\] In addition, emerging data have shown that miR-1202 which is specific to primates brain, regulates serotonergic neurotransmission.\[[@ref25]\] Previous studies have developed these miRNAs as a single biomarker which needs to be confirmed in different population either alone or in combination together. Therefore, the current study was designed to investigate these three serotonergic miRNAs expression in the serum of patients with depression in compared with healthy controls in the Ilam city, Iran, from January to December 2014.

MATERIALS AND METHODS {#sec1-2}
=====================

Participants {#sec2-1}
------------

All 39 new cases, diagnosed according to the criteria of the Diagnostic and Statistical Manual of Mental Disorders-Fourth Edition (DSM-IV) based on the Structured Clinical Interview for DSM-IV under no treatment at the time of blood collection (in the Ilam city of Iran in 2014).

The inclusion criteria for this case--control study were as follows: age 20--40 years, medication-free for at least 2 months before sampling, a minimum total score of 14 on the Hamilton Rating Scale for Depression-17 item, according to the American Psychiatric Association task force for the handbook of psychiatric measures.\[[@ref26]\] Patients also with any current or previous diagnosis of mental disorder, multiple sclerosis, schizophrenia, or other psychotic disorder, the heavy drinker and or heavy smoker, pregnancy, and obese patients were excluded from this study. Thirty-six age- and sex-matched healthy volunteers (in term of depression) were recruited as controls.

Demographic criteria and clinical status of the individuals were obtained through the administration of a semi-structured interview. The current study was performed based on the ethical standards Declaration of Helsinki and all individuals provided written informed consent which was approved by the Local Ethics Committees (ir.medilam.rec1395.110).

Sample collection {#sec2-2}
-----------------

Five milliliters of venous blood samples were collected from the participants. The blood samples were centrifuged at 1500 g for 15 min at room temperature, and the supernatant was transferred to RNase/DNase-free tubes, and finally, the samples were stored immediately at −80°C until the time of the experiment.

Real-time quantitative reverse transcription-polymerase chain reaction detection of microRNAs expression {#sec2-3}
--------------------------------------------------------------------------------------------------------

Total RNA was extracted using TRIzol reagent (Life Technologies, Grand Island, NY) and purified using a miRNeasy Serum/Plasma kit (Qiagen, Frederick, MD, USA) based on the manufacturer\'s protocol. The purity of RNA was assayed by the absorbance ratio at 260/280 nm using NanoDrop 2000 spectrophotometer (Thermo Scientific, Worcester, MA). SYBR green-based stem-loop reverse transcription-polymerase chain reaction (RT-PCR) analysis to detect the level of mature miRNAs in all samples was performed as described previously.\[[@ref27]\] In brief, extracted RNA (2 μg) was reverse transcribed using AccuPower RT-PCR Premix in the presence of each specific stem-loop primers which were as follows: The sequences of the stem-loop RT primer used were; miR-16: 5′-GTC GTA TCC AGT GCA GGG TCC GAG GTA TTC GCA CTG GAT ACG ACC GCC AA-3, miR-1202: 5′-GTC GTA TCC AGT GCA GGG TCC GAG GTA TTC GCA CTG GAT ACG ACC TCC CC-3′, miR-135a: 5′-GTC GTA TCC AGT GCA GGG TCC GAG GTA TTC GCA CTG GAT ACG ACT CAC AT-3′, U6 snRNA; 5′GTC GTA TCC AGT GCA GGG TCC GAG GTA TTC GCA CTG GAT ACG ACA AA ATA-3′; Quantitative real-time PCR was performed using CFX96 real-time system (Bio Rad-USA) for 40 cycles (15 s at 95°C, 15 s at 60°C, and 30 s at 72°C). The following primers were used for SYBR Green-based real-time PCR, miR-16 forward: 5′-CAC GCA CGT AGC AGC ACG TA-3, miR-1202 forward: 5′-ACT CTG GTG CCA GCT GCA G-3′, miR-135a forward: 5′-GCG CCG GTA TGG CTT TTT ATT CC-3′, U6 forward: 5′-GCG CGT CGT GAA GCG TTC-3′ and universal reverse has-miR primer is 5′-GTG CAG GGT CCG AGG T-3′. Comparative quantification analysis (2^-ΔCt^ method) was used to determine the relative expression and normalized to the housekeeping gene, U6, which has been validated as the housekeeping gene for miRNAs studies.

Statistical analysis {#sec2-4}
--------------------

All statistical analyses were performed the SPSS version 19 software (SPSS, Inc, Chicago, IL, USA). Data of quantitative RT (qRT)-PCR were analyzed using 2^--ΔCt^ method, as described previously.\[[@ref28]\] All data were presented as mean ± standard deviation (SD) The normal distribution of data was checked by Kolmogorov--Smirnov analysis. Differences in miRNA concentrations between two groups were compared using Mann--Whitney test.\[[@ref29]\] Receiver operating characteristic (ROC) curves were generated to assess the diagnostic accuracy of each miRNA. A difference was considered statistically significant at *P* \< 0.05.

RESULTS {#sec1-3}
=======

Clinical characteristics of patients and controls {#sec2-5}
-------------------------------------------------

Clinical characteristics of the study participant are summarized in [Table 1](#T1){ref-type="table"}. In brief, 39 patients with depression who had never been treated with antidepressant drugs such as amitriptyline, sertraline, and tranylcypromine, 36 controls also participated in the present study. Based on the demographic data, patients and control groups were compared statistically. Two groups of study have been well paired in terms of age, gender, and BMI. There was no significant different between two groups (*P* \< 0.05).

###### 

Basic demographic characterization of patients and healthy controls

![](JRMS-23-69-g001)

MiR-16, miR-135a, and miR-1202 were decreased in serum of patient with depression {#sec2-6}
---------------------------------------------------------------------------------

As shown in [Figure 1](#F1){ref-type="fig"}, the results of present study showed that the serum concentration of miR-16 was significantly (*P* \< 0.001) down-regulated in the group of patients with depression (mean: 0.9123 and SD: 0.06) compared to normal individuals (mean: 1.6848 and SD: 0.09).

![Serum level of miR-16, miR-135a, and miR-1202 relative expression by quantitative real-time polymerase chain reaction of patients with depression (*n* = 39) compared to healthy control (*n* = 36). The data represent as the 2^--ΔCt^. Statistical analyses were done using Mann--Whitney test. \**P* \< 0.001 is statistically significant](JRMS-23-69-g002){#F1}

The serum concentration of miR-135a was also catastrophically decreased (*P* \< 0.001) in the group of depressed patients (mean: 1.160 and SD: 0.07) in comparison to healthy individuals (mean: 1.819 and SD: 0.09). As shown in [Figure 1](#F1){ref-type="fig"}, the relative miR-1202 expression levels were significantly lower (*P* \< 0.001) in the patients with depression (mean: 0.1755 and SD: 0.01) than in the healthy individuals (mean: 0.2939 and SD: 0.01).

Receiver operating characteristic analysis of miR-16, miR-135a, and miR-1202 {#sec2-7}
----------------------------------------------------------------------------

To investigate the association between the three significantly differently expressed miRNAs and depression, the ROC analysis was performed to estimate the sensitivity and specificity of the diagnostic ability of miR-16, miR-135a, and miR-1202. As shown in [Figure 2](#F2){ref-type="fig"}, the ROC curves exhibited the obvious separation between patient and healthy groups, with an AUC of 0.75 (95% confidence interval (CI) = 0.642--0.858, *P* \< 0.001), 0.72 (95% CI = 0.607--0.834, *P* \< 0.001), and 0.74 (95% CI = 0.630--0.861, *P* \< 0.001) for miR-16, miR-135a, and miR-1202, respectively. The specificity of miR-16, miR-135a, and miR-1202 were 61.5%, 41.0%, and 61.5%, respectively. The sensitivity of miR-16, miR-135a, and miR-1202 were 77.8%, 94.4%, and 86.1%, respectively. MiR-16, miR-135a, and miR-1202 displayed a high sensitivity and specificity for the diagnosis of depression.

![The combined receiver operating characteristic curve of the miR-16, miR-135a, and miR-1202. The plots were constructed using SPSS software. MiR-16 yields an area under the receiver operating characteristic curve of 0.75 (sensitivity of 77.8% with a specificity of 61.5%). MiR-135a also yields an area under the receiver operating characteristic curve of 0.72 (sensitivity of 94.4% with a specificity of 41.0%). MiR-1202 also yields an area under the receiver operating characteristic curve of 0.74 (sensitivity of 86.1% with a specificity of 61.5%)](JRMS-23-69-g003){#F2}

DISCUSSION {#sec1-4}
==========

It is of interest to note that in recent decades of research, it has become clear that alteration in miRNA expression are likely to play an important role in the etiopathogenesis of behavioral disorders, and have the potential to act as serum biomarkers.

The results of the current study showed that serum level of miR-16 was reduced in patients with depression. This finding is in line with Baudry *et al*. how have shown that SERT is a target of miR-16 which is expressed at higher level in nerve cells. In mice model, treatment with the SSRI fluoxetine increases miR-16 levels in serotonergic RN. This study showed that miR-16 posttranscriptionally regulates SERT gene that strongly involved in depression.\[[@ref22][@ref23]\] In this line, our study also confirmed that in depressed patients miR-16 is down-regulated.

In some previous studies, it has been indicated that miR-135a widely associates with both the 5-HT transporter and 5-HT1A receptor expression. MiR-135a levels also were up-regulated after using antidepressant administration. In addition, using genetically modified animal model showed that alteration in miR-135 levels largely affects 5-HT levels and depression-like behaviors.\[[@ref24]\] Furthermore, previously, it has been shown that miR-135a expression appears to be antidepressant.\[[@ref24][@ref30]\] In parallel with the previous finding, here, we observed that the down-regulation of miR-135a expression levels is exhibited in the serum of depressed patients in compared to healthy individuals.

Using microarray analysis and qRT-PCR, Lopez *et al*., have shown that GRM4 which is expressed throughout the brain, and it modulates serotonergic neurotransmission, negatively associate with the expression of miR-1202.\[[@ref25]\] In line with such observation, our findings showed that miR-1202 exhibited a similar pattern with miR-16 and miR-135a and it decreased in serum of patients with depression.

In the present study, we showed that serum miRNAs can be used as biomarkers for depression. Interestingly, aberrant pattern of these miRNAs is consistent with previous studies.\[[@ref31]\]

Here, a model including 3 miRNAs to diagnose depression was developed. Indeed, the miRNA panel can improve the diagnostic sensitivity and specificity for depression in comparison to a single miRNA. Taken together, our observation indicated that the serum miRNA signature is an independent predictive, diagnostic, and prognostic factor for depression. However, large body of studies have been devoted to developing circulating biomarkers for depression to improve diagnosis and individualized treatment.

CONCLUSION {#sec1-5}
==========

The present study was designed to evaluate the serum concentration of some miRNAs which have been shown to involve in the serotoninergic system, in the patients with depression. The results showed that the serum levels of 3 miRNAs (miR-16, miR-135a, and miR-1202) were significantly decreased in the serum of depressed patients in comparison with normal individuals. The current study suggests that these miRNAs could be used as a potential biomarker of depression with high sensitivity and specificity.
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